Jr#1 for B19 a precursor lying OWeen 
TJFU-E and CFU-E in the erythropoietic 
£.<hway (2j).;this inhibition does not 
Require coinfection with an exogenously 
Rdded helper virus, bur it remains to be 
^determined whether this target cell sup- 
ports a fully productive, lytic infection 
Why B19. That BI9 should show such an 
KCX^reme target cell specificity is not sur- 
prising, since susceptibility to lytic par- 
vovirus infection has been shown in sev- 
|eral cases to be a function of host cell 
^differentiation (J, 4). The identification 
gjf BI9 as the causative agent of erythe- 
&a infectiosum and its probable trans- 
paission by way of the upper respiratory 
Bract suggest that this virus will also be 
pound to replicate at other sites in the 
Ibody. Now that cloned copies of the B19 
fgenome are available many questions 
Ebout the virus, its distribution, and its 
|wsease-producing potential become ex- 
rimentaily accessible. 
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^olecular Characterization of Human 
T-Cell Leukemia (Lymphotropic) 
Virus Type III in the Acquired 
Immune Deficiency Syndrome 

George M. Shaw, Beatrice H. Hahn, Suresh K. Arya : 
■ 1 1 Jerome E. Groopma^i, Robert C. Gallo j 

! ! Flossie Wong-Staal • 



ie human retrovirus that has been 
Eed repeatedly from patients with 
^quired immune deficiency syn- 
te (AIDS) and from persons at risk 
disease (W) shares many of the 
logical and physicochemical proper- 
^Jcommoh to the human T-celi leuke- 
^(Iymphotropic) viruses (HTLV). 
. se properties include tropism for T- 
phocytes, induction of multinucleat- 
>gaht cells, a Mg 2+ preferring reverse 
.- ^criptase of high molecular weight, a 
vely small major core protein (mo- 
Jar weight 24,000; p24) f distant anti- 
^ic and nucleic acid homology, and a 
W African origin (l-4 t 6-10). Because 
tjlese similarities, and because of the 
"*orrn nomenclature adopted for the 
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HTLV family of retroviruses (/7), the 
AIDS associated virus was called 
HTLV-III. 

Detailed characterization of HTLV-III 
and serologic testing of large numbers of 
patients with AIDS or AIDS-reiated 
complex (ARC) became possible when it 
was found that the virus could be trans- 
mitted to a human T-cell line, H9, that is 
largely resisiant to the cytopathic effects 
of the virus but is a good virus producer 
(/). This cell line has served as 
principal source of viral reagents 
several seroepidemiological studies 



the 
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HTLV-III in AIDS (3-5, 72-/6), and as 
the source of virus in the present study 
of the molecular biology of the AIDS 
agent. In this article, we describe the 
molecular cloning of two full-length inte- 
grated proviral DNA forms of HTLV-III 
and an analysis of the HTLV-III genome 
in cell lines and fresh tissues from pa- 
tients with AIDS or ARC. 



Molecular Cloning of the 
HTLV-III Provims 

Sequences of HTLV-III were first de- 
■ tected in DNA of infected H9 cells (H9/ 
HTLV-III) by Southern blot analysis 
with the use of a 32 P-Iabeled complemen- 
tary DNA (cDNA) probe prepared from 
HTLV-III virions. There was no evi- 
dence of such sequences in uninfected 
H9 cells. The identity of these sequences 
in H9/HTLV-III was subsequently con- 
firmed by using as a probe the cloned 
genome of HTLV-III derived from unin- 
tegrated linear viral DNA (9). Prelimi- 
nary analyses of Southern digests of H9/ 
HTLV-III DNA revealed that the virus 
was present in this cell line both 
as unintegrated DNA and as proviral 
DNA integrated into the cellular genome 
at multiple different sites. Since the 
HTLV-III provirus was found to lack 
Xba I restriction sites, a genomic library 
was constructed by using Xba I-digested 
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Abstract. The human leukemia (iymphotropic) virus type III lll^^k-lll) 

appears to he ventral to the causation of the acquired immune deficiency swntromc 
(AIDS). Two full-length integrated provirai DN A forms of HTLV-lll have now been 
cloned and analyzed, and DNA sequences of the virus ut cell lines and fresh tissues 
from patients with AIDS or AlDS-t elated complex {ARC) have been characterized. 
The results revealed that (i) HTLV-lll is an exogenous human retrovirus, approxi- 
mately 10 kilohases in length, that lacks nucleic acid sequences derived from normal 
human DNA; (ii) HTLV-lll. unlike HTLV types I and II, shows substantial diversity 
in its genomic restriction enzyme cleavage pattern: (Hi) IITLY-IU persists in 
substantial amounts in cells as unintegrated linear DNA. an uncommon property 
that has been linked to the cytopath'tc effects of certain animal retroviruses: and (iv) 
HTLV-lll viral DNA can he detected in htw levels in fresh (primary} lymphoid tissue 
of a minority of patients with AIDS or ARC hut appears not to be present in Kaposi's 
sarcoma tissue. These findings have important implications concerning the biologi- 
cal properties of HTLV-lll and the pathophysiology of AIDS and Kaposi's sarcomu. 



H9/HTLV-III DNA, and this was. 
screened with an HTLV-III cDNA probe 
(8) to obtain molecular clones of full- 
length integrated provirus with flanking 
cellular sequences. Fourteen such clones 
were obtained from an enriched library 
of I0 6 recombinant phage, and two of 
these were plaque-purified and charac- 
terized. 

Figure I illustrates the restriction 



maps of these two clones, designated 
XHXB-2 and \HXB-3. The overall length 
of the HTLV-III provirus is approxi- 
mately 10 kilobases (kb). The identical 
Restriction cleavage site patterns (Bgl II- 
Sst I-Hind III) . spaced 1 9 kb apart in the 
two clones suggested that these regions 
represent the viral long terminal repeat 
(LTR) elements. This was confirmed by 
hybridizing a cloned 0.9-kb cDNA frag- 



ment corresponding lo the 3' terminus of 
HTLV-III to these terminal regions (data 
not shown). To show that the restriction 
enzyme cleavage sites depicted in Fig. I 
for clones \HXB-2 and XHXB-3 were 
actually present in the viral DNA of 
HTLV-lII-infceted H9 cells, we digest- 
ed DNA from the H9/HTLV-III cell line 
with various restriction enzymes and an- 
alyzed it by the Southern blot technique. 
As shown in Fig. 2 (lanes b). the restric- 
tion fragments for Sst I, Fco RI. Hind 
III. Pst I. Bam HI. and Bgl II predicted 
from the restriction maps of XHXB-2 and 
XHXB-3 (Fig. 1) are indeed present in 
the Southern blots of HTLV-III-infectcd 
cellular DNA. 

To determine whether the HTLV-III 
genome contains sequences homologous 
to normal human DNA. the viral insert 
of XHXB-2 (5.5 kb and 3.5 kb Sst I-Sst I 
fragments) was isolated, nick translated, 
and used to probe HTLV-III-infccted 
and uninfected cellular DNA. Under 
standard conditions; of hybridization 
[washing conditions: I x SSC (standard 
saline citrate), 65°C: annealing tempera- 
ture (7 m ), -27°C], this probe hybridized 
to DNA from H9/HTLV-III cells as well 
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Fig. I. Restriction endonuclease maps of tour closely related clones of HTLV-III. XHXB-2 and xHXB-J represent full-length integrated provirai 
forms of HTLV-III obtained from a X phage library of H9/HTLV-III DNA U6). These clones contain the complete provirus (thin lines) including 
two LTR regions plus tlanking cellular sequences (heavy lines). The LTR regions are known to contain the three restriction en/\me sites Hgl II. 
Sst L and Hind III as shown, but their overall lengths are estimated. Clones ABH-lOand XBH-5 XBH-* uere derived from the linear unintegrated 
replicative intermediate form of HTLV-III in acutely infected H9 cells and have been reported elsewhere (V). Their restriction maps are shown 
here for comparison with XHXB-2 and XHXB-3 and with Southern blots of genomic DNA from other HTLV-III containing cclK. It should be 
noted that XBH-5/XBH-8 consists of two separately cloned Sst I fragments IXBH-5 and XBH-X> which together constitute one HTLV-III genomic 
equivalent but which are not necessarily derived from the same viral molecule (V). Also, because \BH-I0 and XltH-5 were cloned with the 
restriction enzyme Sst 1 (V). they lack 5' LTR sequences as shown. Other differences in the restriction maps between these HTLV-lll climes are 
indicated- by- bold letters and a-sterisks. with XBH- ID being used as a reference. • . , ••,.,* 
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. no', io DNA from uninfected H9 ce 
* uninfected HT colls (the parent cell 
■*1rom which H9 was cloned), or norm 
human tissues (data not shown). This 
finding is in agreement with the results of 
other experiments in which the uninte- 
grated (replicativc intermediate) form of 
HTLV-lll was used as probe (9) and 
demonstrates that HTLV-III. like 
HTLV-1 and HTLV-IL is an exogenous 
retrovirus lacking nucleic acid sequences 
derived from human DNA. 

As noted above, wc previously cloned 
and analyzed the unintegrated linear 
DNA form of HTLV-III from H9 cells 
acutely infected with this virus (V). 
These clones, designated \BH-8. 
and XBH-IO, were characterized in the 
same way as XHXB-2 and XHXB-3 and 
- are shown for comparison in Fig. I . The 
clones of integrated proviral DNA and 
unintegrated linear DNA arc similar to 
each other yet; are distinguishable by 
differences in several restriction cleav- 
age sites. We know from recent analyses 1 
that XBH-IO and XBH-5/ABH-8 are in- 
complete viral clones that lack a short 
Sst I-Sst I segment of approximately 190 
base pairs in the 5' LTR-leader sequence 
region as a consequence of the use of Sst 
I in their cloning. The other differences 
between these clones must represent dif- 
ferences in the viral DNA restriction 
patterns since the predicted fragments 
unique to each clone can be identified in 
digests of H9/HTLV-III cellular DNA 
[see Fig. 2 and (9)1 



Genomic Diversity of HTLV-III 

The finding of different forms of 
H TLV-lll in a cell line originally infect- 
ed with viral isolates from different pa- 
tients suggested that the restriction pal- 
tern of the HTLV-III genome could vary 
from isolate to isolate. To test whether 
such diversity was a common occur- 
rence, we examined the restriction pal- 
ms of HTLV-III in a number of dilfer- 
■ii T-cell lines derived from individual 
patients with AIDS or ARC. In Fig. 2 we 
compare the restriction pattern of 
HTLV-III from a Haitian man (R.F.) 
with AIDS to that of the virus in the H9 
H TLV-IU cell line. As shown, the provi- 
rus from R.F. contains two Sst I sites, 
presumably in the LTR regions, which 
Generate a 9-kb fragment indistinguish- 
able in size from that in H9/HTLV-II1. 
•HXB-3. or XBH-IO (Figs. I and 2). 
However, the HTLV-III in R.F. is sub- 
stantially different from the predominant 
^iral forms in H9/HTLV-III in most oth- 
er restriction si|cs. including enzymes 
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l it:. J. .southern nun 
analysis o I DNA from 
an HTLV-UI-infeet- 
ed cell line estab- 
lished by coculturing 
uninfected H4 cells 
(another cloned cell 
line from HT cells; 
see (/)] with fresh pe- 
ripheral blood mono- 
nuclear cells of a het- 
erosexual Haitian 
man (R.F.) with 
AIDS (lanes a). For 
comparison, identical 
digestions of cellular 

DNA from the H9/HTLV-HI line are shown (lanes b). The major internal restriction fragments 
predicted from clones XHXU-2. XHXIJ-3. XBH-IO. XBH-5 and XBH-8 are apparent in blots of 
the H9/HTLV-UI DNA (for example, see Sst I bands of 9. 5.5. and 3.5 kb. I;co RI band of I.I 
kb. and Hind III bands of 6.4. 4.5. 2, and I kb). In contrast, the restriction fragments generated 
by these same enzymes are quite different for HTLV-III kl _. indicating that the genome of this 
isolate is substantially different from the viral genomes in H9/HTLV-II1 cells. The experimental 
conditions have been described U6-_?,Y). 




known to generate internal viral frag- 
ments in H9/HTLV-III DNA (for exam- 
ple, Eco RL Hind III, and Bgl II). Be- 
cause of these differences, and because 
most of the -viral DNA : in the HTLV- 
IIIri- line is polyclonally integrated (and 
therefore would not produce flanking 
bands), we conclude that the restriction 
map of HTLV-III RI : must differ substan- 
tially from that of the viral forms in H9/ 
HTLV-III cells. 

We confirmed these differences by 
analyzing full-length clones of the 
HTLV-HW provirus and showing that 
they differ from H9/HTLV-III in at least 
19 out of 31 restriction sites. Despite 
these differences in restriction pattern, 
HTLV-HI RF proviral DNA hybridized to 
XBH-10 probe under conditions of rela- 
tively high stringency (7" m - 27°C), indi- 
cating that the genomes of these viruses 
overall are similar. 'This conclusion is 
further supported by the finding that the 
major core protein of HTLV-III KI , is 
similar in size tp24) and in antigenic 



reactivity to other HTLV-III isolates as 
determined by homologous radioimmu- 
noprecipitation assays (/5). Neverthe- 
less, important differences may occur in 
the genomes of these viruses, for exam- 
ple, in the envelope glycoprotein which 
is a major determinant of antigenicity for 
most retroviruses. 

In Fig. 3 we compare three more 
HTLV-III infected cell lines, one de- 
rived from a healthy homosexual man 
(R.H.) and two others from a child with 
ARC (M.N.). The isolates from M.N. 
were transmitted into the uninfected H9 
cell line and also into the JM line (/7), a 
human T-cell line that is unrelated to H9. 
Restriction digests with Hind III and Bgl 
II (as well as Eco RI, which is not 
shown), indicated that isolate HTLV- 
IIIkh is different from H9/HTLV-III. 
Similarly, HTLV-III MN is different from 
H9/HTLV-III in its restriction pattern 
for Sst I and Hind III as well as for Eco 
RI and Xho I. Moreover, these differ- 
ences in restriction patterns are not the 



Fig. 3. Southern blot 
anahsis of restriction 
endonuclease digest- 
ed DNA from (lanes 
ai H9/HTLV-III cells 
and (lanes b, e. and d) 
from three other 
HTl.V-III-infeeted cell 
lines. (Lanes h> DNA 
from a primary T-cell 
line established from 
peripheral blood lym- 
phoevtes of a healthv 
HTLV-III seroposi- 
tive homosexual man 

I K.H.I. (Lanes e and d) DNA from cell lines MN-I and MN-2 established by transmission of the 
viral isolate HTLV-II i MN into (lanes e) 119 cells or (lanes dl JM cells. As shown, the restriction 
patterns of the viral isolates from patients K.I L and M.N. are different from each other and from 
the H9/HTLV-III viral forms. UTLV-||| MN ., and HTLV-IN MN . : are identical to each other, 
indicating that the viral genome was mil detectably altered as a consequence of its replication in 
a particular host cell type. "The experimental conditions for this experiment, including the prone 
uliH-IOii. are the same as described for Hg. 2. 
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rig. 4. ueiecuon hy 
Southern bloi hybrid- 
ization of HTLV-lll 
sequences in DNA 
from freshly biopsied 
lymph nodes of (A) a 
patient with ARC 
(K.C.) and (B) anoth- 
er with AIDS (F.O.). 
(A) Five micrograms 
of DNA from cell line 
H9/HTLV-IU (H9 + ), 
25 M-g of DNA from 
the * uninfected cell 
line H9(H9-).and50 
jig of DNA from the 
lymph node cells of 

patient K.C. were digested with the indicated restriction enzymes. HTLV-lll sequences were 
detected in the DNA of H9/HTLV-1II cells (H9+) and lymph node cells of K.C; but not in the 
DNA from uninfected H9 cells (H9-). (B) HTLV-IU sequences were also detected in the DNA 
(25 u.g per lane) from lymph node cells of patient F.O. |see U5) for methods). The long exposure 
lime (7 days) and the presence of some degraded DNA account for the heavy background smear 
in the first lane (H9+). 




result of selective pressures associated 
with H9 cells, since similar patterns were 
observed for HTLV-III MN grown in H9 
or JM cells and digested with a total ot 
seven different restriction enzymes. 1 
three of which are shown in Fig. 3. 

To determine whether similar variabil- 
ity of the HTLV-III genome occurs in 
vivo, we examined the restriction en- 
zyme cleavage patterns of HTLV-III 
DNA in freshly biopsied lymph nodes 
from one patient with ARC (K.C.) and 
another with AIDS (F.O.). In the HTLV- 
III viral DNA from patient K.C. (Fig. 
4A), two major Sst I bands were present, 
as in H9/HTLV-III cells and in XHXB-2. 
However, the Hind III and Bgl II frag- 
ments did not correspond to fragments in 
any of the other isolates or clones of 
HTLV-III. and the cut made by Xba I 
within the provirus was unlike that in 
any other HTLV-III so far studied. In 



contrast to the viral DNA in isolate 
HTLV-III KC . the viral DNA in HTLV- 
IIIfo (Fig- 4B) corresponds in its major 
Sst I, Eco RI. Hind III, and Bgl II 
fragments to those in XBH-IO and 
\HXB-3. We assume that the small 
bands are present but too faint to be seen 
in this blot and that the Eco RI band is a 
doublet generated by cutting two internal 
Eco RI sites in predominantly uninte- 
grated linear viral DNA (sec Fig. 5). In 
one other HTLV-III-containing fresh 
tissue specimen the virus was similar to 
XHXB-2 in its Sst I and Bgl II patterns 
but different in its Hind III pattern (data 
not shown). In all, we examined 12 dif- 
ferent HTLV-III isolates from either 
fresh or cultured cells. Five of them 
could be distinguished from each other 
by substantial differences in their restric- 
tion cleavage patterns. Seven others, in- 
cluding the four highly related forms 



cloned from the H9/HTLV-III cell line, 
were similar to (but not necessarily iden- 
tical with) one of the first five. From 
these results it was not possible to differ- 
entiate between isolates from patients 
with AIDS and ARC on the basis of their 
restriction patterns. 

The diversity in the genomic restric- 
tion maps of different HTLV-III isolates 
stands in contrast to the high degree of 
conservation in the genomes of HTLV-I 
and HTLV-II. For example, Wong-Staal 
et al. (18) reported that ten out of ten 
HTLV-I isolates from different regions 
of the world had conserved internal Pst I 
and Bam HI cleavage sites. Similarly, in 
a survey of 88 patients with adult T-cell 
leukemia (ATL) in Japan, Yoshida et al. 
(19) found that the Pst I sites in the 
HTLV-I proviruses were similar in 79 
(90 percent) of them. Preliminary analy- 
sis of the exceptional nine cases indicat- 
ed that these represented defective pro- 
viruses and not complete HTLV-I pro- 
viruses with divergent restriction pat- 
terns. These investigators also compared 
isolates of HTLV-I from Japan and the 
United States and found them to be quite 
similar (19), We have cloned and ana- 
lyzed HTLV-I proviruses from two pa- 
tients with ATL and have found them to 
be very similar to each other and to a 
Japanese clone of HTLV-I whose se- 
quence has been reported (20-22). We 
have also compared the full-length 
clones of HTLV-II from two different 
individuals and have found them to be 
identical in 25 out of 25 restriction sites 
(21). Thus, we conclude that the ge- 
nomes of different isolates of HTLV-III 
vary considerably more than do those of 
either HTLV-I or HTLV-II. 



Table I. Survey by Southern hybridization of fresh tissue specimens from patients with AIDS or 
ARC for HTLV-III DNA sequences. Tissue samples were obtained from fo patients, and DNA 
was extracted as described U5). A sample of each DNA (25 to 50 nu) w;.n dicested uiih Ssi I 
(alone) and with Bgl II (alone), both of which generate internal viral ON Augments in all 
HTLV-IU isolates that we have studied. All other experimental conditions and methods were as 
described for Fig. 4. A positive and negative control (H9/HTI.V-III and normal Kmphocvte 
DNA. respectively) was included on each filler The DNA on the tillers \w.s also hvh'ridi/eJ to 
nick-translaled A phage and pBR3:2 (lacking HTLV-III sequences) to rule out the possibility 
that ihe bands observed could be due to contamination of the fresh tisMie DN.Vs with either of 
these vectors. 



Clinical diagnosis 
ARC 
AIDS 



Number of patients 



Number of tissue 
samples 



Tested 
26 

3V 



Positive 



Tested 

7 
18 
1 

15 
16 
8 
II 

5 



Positive 
0 

0 

I 

4 

II 



Tissue 
tested' 

PBC 

LNC 

BMC 

PBC 

LNC 

BMC 

SPL 

KS 



•Abbreviations: PBC peripheral blood mononuclear cells: BMC. hone marrow mononuclear cells- t \*C 
Umpn node cells; SPL. spleen: KS. Kaposi's sarcoma. *' " 



Unintegrated Viral DNA and 
Cytopathtc EfiTects 

In the life cycle of a retrovirus, the 
single-stranded RNA genome must be 
copied by reverse transcriptase into an 
unintegrated linear DNA form prior to its 
integration into the host cell's chromo- 
somal DNA 123). The linear unintegrated 
DNA duplex contains a copy of the viral 
genome in a nonpermuted order and can 
generally be detected only as a short- 
lived replication intermediate in the cy- 
toplasm of infected cells shortly after 
viral infection. Persistence of the uninte- 
grated form of viral DNA has been ob- 
served uncommonly in certain animal 
retroviral systems (24, 25) and has been 
correlated with the cytopathic etrccts of 
these retroviruses (24). In cells freshly 
infected with HTLV-III. in chronically 
infected . cells, and even in biopsied 
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. : nph noac tissue trom a patient with 
.Jil)S. we have found thai a substantial. 
•Vount of HTLV-IU DNA persists inf 
:f£ unintegrated form, mostly as linear 
Jouble-stranded DNA but also in much 
lesser amounts as closed and nicked cir- 
cular DNA (Fig. 5). Although we have 
not quantified the actual numbers of un- 
integrated as opposed to integrated viral 
DNA forms per ceil, we have found, in 
most cell lines examined, that the inten- 
sity of hybridization of the 10-kb band 
^presenting unintegrated linear DNA is 
much greater than that of the high molec- 
ular weight smear representing polyclon- 
ally integrated proviral DNA and is simi- 
lar in intensity to interna! viral bands 
generated by enzymes such as Sst I, Bgl 
II. and Hind III. We have found this 
relative abundance of unintegrated viral 
DNA in seven out of eight cell lines and 
in one out of three fresh tissue speci- 
mens, all of which contained detectable 
amounts of HTLV-IH. The importance 
of this unintegrated DNA in the cyto- 
paihic effects 6f HTLV-IH in vitro and;in 
vivo requires further study. 



Detection of HTLV-III DNA in 
Krcsh Tissue 

Antibodies to HTLV-III can be detect- 
ed in most patients with AIDS or ARC 
U2h and HTLV-III can be isolated from 
a large proportion of these patients (1.2. 
13). In the present study, we examined 
by Southern hybridization a variety of 
fresh tissue specimens from 65 patients 
with ARC or AIDS for the presence of 
HTLV-III DNA. Representative blots of 

>mph node DNA from a patient with 
ARC and another with AIDS are shown 
in Fig. 4. Sequences of HTLV-III were 
detectable in both tissue specimens but 
in small amounts. For example, in Fig. 
4A. the signal intensity for 5 u,g of H9/ 
HTLV-III DNA is much greater than 
that for 50 p.g of lymph node DNA. It 
Nhould be noted, however, that H9/ 
MTLV-IIl cells contain many HTLV-III 

'NA molecules per cell (26). 
In all. HTLV-III sequences were de- 
tected in only 9 out of 65 patients evalu- 
ated (Table 1). Roughly the same propor- 
tion of ARC patients (3 out of 26) as 
AIDS patients (6 out of 39) was positive 
for HTLV-III, and viral sequences were 
detected most commonly in lymph node 
'7 of 34) and spleen (2 of 1 1). None of 
( ive Kaposi's sarcoma tissue specimens 
examined was positive for HTLV-III 
DNA sequences. These specimens had 
been obtained from the skin of three 
patients and from lymph node of two 
others and had been estimated by histo- 
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Kig. 5. Demon st rat ton by Southern analysis ot 
uninyy>rateU HTLV-IU DNA in cell lines and 
fre^^sue derived from patients with AIDS 
or^^. High molecular weight DNA was 
extracted as described (J5. 37). Samples (10 to 
20 M-g) were then subjected to electrophoresis 
in standard horizontal 0.8-cm-thick. 0.7 per- 
cent agarose gels without prior restriction 
enzyme digestion and blotted and hybridized 
to XBH-lOi probe as described (39). The 
bands migrating at approximately It) kb repre- 
sent the unintegrated linear form of the virus 
and the smaller bands at approximately 5 kb. 
the unintegrated closed circular form. Identi- 
cal bands were obtained when these DNA's 
were digested with Xba I (which does not cut 
the HTLV-IU genomes in these samples) and 
when undigested low molclcular weight <Hirt) DNA was examined. (Lane a) Normal peripheral 
blood mononuclear cells 4 days after infection with concentrated H9/HTLV-I11 virions (9): (lane 
bi H9/HTLV-III cells 6 months after infection with HTLV-IU (/): (lane c) JM cells 3 months 
after infection with HTLV-IU (17): (lane d) primary RH lymphocytes after 3 months of culture; 
(lane e) lymphocytes from freshly biopsied lymph node of patient F.O.: and (lane 0 normal 
uninfected human lymphocytes. 



pathologic examination to consist of be- 
tween 30 and 90 percent Kaposi's sarco- 
ma cells. Since we have found that pur 
Southern hybridizations can detect Less 
than one viral DNA copy per ten cqlls, 
we interpreted these data to indicate that 
the three Kaposi's sarcoma lesions did 
not contain HTLV-III sequences. To en- 
sure that the Kaposi's sarcoma DNA 
was of good quality and was adequately 
digested, we rehybridized the DNA on 
the nitrocellulose filters to an HLA class 
I gene probe which readily detected the 
expected HLA gene fragments (data not 
shown). Of the nine patients positive for 
HTLV-III sequences in this fresh tissue 
survey, more than one tissue type was 
examined in three. In the first patient, 
HTLV-III DNA sequences were detect- 
ed in a cervical lymph node on one 
occasion (see Fig. 4B) but not in an 
axillary lymph node or in peripheral 
blood lymphocytes from the same pa- 
tient 2 months later. In another patient, 
HTLV-III DNA sequences were detect- 
ed in both lymph node and spleen, and in 
the third patient, viral sequences were 
detected in spleen but not lymph node. 

In most of the patients in which 
HTLV-III DNA sequences were detect- 
ed in fresh tissue, the signal intensities 
were weak. From dilution experiments 
with known amounts of HTLV-I Il-con- 
taining DNA. we have estimated that, in 
the nine positive patients reported here. 
HTLV-III DNA was present at a level of 
less than one copy per 10 cells (data not 
shown). Theoretically, this low signal 
intensity could also be explained by the 
presence of a virus distantly homologous 
to HTLV-III in these cells. This is un- 
likely, however, because cell lines de- 
rived from these tissues are productively 
infected with HTLV-III (as determined 
by both nucleic acid and immunologic 



characterization) and because the re- 
striction fragments in the Southern blots 
of DNA derived from fresh and cultured 
cells correspond to many of those pres- 
ent in the cloned genomes of HTLV-III. 
Furthermore, the genomes of HTLV-III 
and of the virus referred to as LAV 
[lymphadenopathy-associated virus (27)] 
are highly related, so any presumed dif- 
ferences between them could not ac- 
count for the weak signals delected in 
AIDS and ARC tissues. We have also 
hybridized full-length HTLV-I and 
HTLV-II probes- to these infected 
DNA's and they do not detect viral se- 
quences, thus indicating that the weak 
signals detected by the HTLV-III probe 
are not due to hybridization to HTLV-I 
or HTLV-II sequences. 



Discussion 

We have described here the molecular 
cloning and analysis of the full-length 
HTLV-III proviral genome from the cell 
line H9/HTLV-III. Since this cell line is 
the principal source of viral reagents for 
the seroepidemiological studies of 
HTLV-III in AIDS </2). and since these 
H9/HTLV-III-derivcd viral clones de- 
tect viral sequences in fresh and cultured 
tissues from patients with this disease, 
we conclude that \HXB-2 and \HXB-3 
are representative of the virus that 
causes AIDS. This conclusion is further 
substantiated by the fact that these 
cloned HTLV-III probes detect viral se- 
quences in cells infected with LAV un- 
der stringent hybridization conditions 
i2X). 

From an analysis of the HTLV-III 
proviral clones, it is apparent that the 
viral genome is approximately 10 kb in 
length (slightly larger than HTLV-I and 



HTLV-II) and possesses redwidant se- 
t quences, presumably the LT^^ments, 

at each end. Comparison of mese full- 
length proviral clones of HTLV-III with 
two clones of linear unintegrated viral 
DNA derived from the same VrLV-III- 
infected H9 cells (9) indicates that they 
are colinear and very similar in restric- 
tion pattern. These clones of HTLV-III 
lack any sequences homologous to DNA 
from uninfected human cells as deter- 
mined by blot hybridization at moderate- 
ly high stringency (7" m - 27°C). 

We have used both biochemical (9) 
and electron microscopic (26) heterodu- 
plex techniques to determine homology 
between HTLV-III and HTLV-I and 
HTLV-II and have found significant ho- 
mology in the gag-pol region. This find- 
ing is in agreement with our earlier ob- 
servations for which we used HTLV-III 
cDNA (8) and with the immunologic 
studies of Sarngadharan et al. (7). It is 
interesting that very minimal, if any, 
homology has been detected betweenjthe 
HTLV-III genome and the pX region of 
HTLV-I and HTLV-II, since it is the pX 
region which is most highly conserved 
between HTLV-I and HTLV-II and is 
thought to be involved in their trans- 
forming properties (20. 29). This dif- 
ference in relative homologies may be 
related to the different biological proper- 
ties of these viruses. HTLV-I and 
HTLV-II being primarily transforming 
and HTLV-III cytopathic. 

The finding of substantial diversity in 
the restriction cleavage patterns of dif- 
ferent HTLV-III isolates is probably re- 
lated to the highly replicative nature of 
this virus (/) and the well-recognized 
infidelity of retroviral replication (30, 
31). This characteristic distinguishes 
HTLV-III from HTLV-I. the latter being 
predominantly a transforming virus that 
exists for long periods in a proviral form 
that is generally not expressed (32). The 
true extent of the genomic differences in 
HTLV-III is not known, but for many of 
the isolates tested the majority of restric- 
tion enzyme cleavage sites were dif- 
ferent from those found in the HTLV-III 
clones and in the H9/HTLV-III DNA. In 
fact, we recently cloned the complete 
HTLV-III provirus from cell line 
H9/HTLV-III Rf , (see Fig. 2, an d found 
that this provirus differs from the provir- 
uses in H9/HTLV-III cells in at least 19 
out of 31 mapped restriction sites. Since 
even a single base pair substitution in a 
critical region of a retroviral genome can 
have drastic effects on its biologic func- 
tion (31). further studies involving the 
expression of HTLV-III genes (such as 
attempts to express envelope sequences 
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for vaccine production) will need to 
into account the genomic diversii^^. 
different HTLV-III isolates. Howev^rTit 
may be possible to take advantage of this 
diversity by evaluating different isolates 
of HTLV-III Tor regions of conserved 
nucleotide sequences. Similar studies 
have been done with HTLV-I and 
HTLV-II and have led to new insights 
regarding the biologic properties of these 
viruses (20. 29). It may also be possible 
to exploit this diversity in following the 
transmission of specific HTLV-III virus- 
es both in vivo and in vitro. 

Unlike most other retroviruses, 
HTLV-III appears to persist in both inte- 
grated and unintegrated forms in chroni- 
cally infected cells. We found proviral 
DNA integrated at multiple sites in eight 
chronically infected cell lines, indicating 
that the cell population was polyclonal 
with respect to the site of HTLV-III 
integration. These findings distinguish 
HTLV-III from HTLV-I and HTLV-II, 
both of which have predominant trans- : 
forming effects and lead to the prolifera- 
tion, in vitro and in vivo, of monoclonal- 
ly expanded populations of cells (6). 
Since HTLV-III has not been shown to 
possess transforming properties but is 
cytopathic, it is not surprising that even 
chronically infected cells contain poly- 
clonal^ integrated provirus. It is not 
known whether this polyclonality is due 
to the continuous reinfection of neigh- 
boring cells or to the stable growth of a 
population of immortalized cells having 
HTLV-III integrated at random sites. 
Seven of the eight cell lines, as well as 
one of the three fresh tissue samples, 
also contained unintegrated linear viral 
DNA. The relative proportion of uninte- 
grated HTLV-III DNA and its location 
(that is. in the cytoplasm, nucleus, or 
both) have not been determined, and it is 
not known whether this form of the virus 
is responsible for its cytopathic effects. 
Such a mechanism has been proposed to 
explain the cytopathic effects of certain 
other retroviruses i24). 

We have previously been able to iso- 
late HTLV-III from peripheral blood or 
lymph node tissue from most patients 
with AIDS or ARC (12). in concordance 
with the 8*5 to I(K) percent seropositivity 
for HTLV-III in these groups. However, 
as shown herein. HTLV-III DNA is usu- 
ally not detected by standard Southern 
hybridization of these same tissues and. 
when it is, the bands are often faint. This 
must mean that only a minor population 
of cells is infected with HTLV-III at any 
one time. Thus, the lymph node enlarge- 
ment commonly found in ARC or AIDS 
patients cannot be due directly to the 



proliferation of HTLV-I I I-infected cells 
(as occurs with HTLV-I in adult T-cell 
leukemia). Whether the lymphocytic 
proliferation in lymph nodes occurs in 
response to infection with HTLV-III or 
another agent, or both, is not known. 
Similarly, the absence of delectable 
HTLV-III sequences in Kaposi's sarco- 
ma tissue of AIDS patients suggests that 
this tumor is not directly induced by 
infection of each tumor cell with 
HTLV-III. Furthermore, the observa- 
tion that HTLV-III sequences are found 
rarely, if at all. in peripheral blood mono- 
nuclear cells, bone marrow, and spleen 
provides the first direct evidence that 
these tissues are not heavily or widely 
infected with HTLV-III in either AIDS 
or ARC. However, on the basis of our 
ability to culture virus successfully from 
these various tissues (/J), it is apparent 
that each does harbor the virus in a small 
population of cells. It is likely that the 
use bf more sensitive techniques will 
increa'se the frequency of detection of • 
HTLV-III sequences in fresh tissues 
from patients. 

The availability of molecular clones of 
HTLV-III will now permit the direct 
comparison of this virus to other retro- 
viruses detected in patients with AIDS 
or ARC. These viruses, named variously 
as LAV, IDAV,. IDAV : . and ARV (27, 
33) % are morphologically indistinguish- (f 
able from HTLV-III and, for those iso- 
lates ; tested, immunologically indistin- 
guishable as well (34). On the basis of 
these results and of our detecting viral 
sequences in LAV-infected cells using 
HTLV-III probes (28). we believe that 
HTLV-III. LAV, IDAV,, IDAV : , and 
the most recently described AIDS-asso- 
ciated viral isolate, ARV. are all essen- 
tially the same virus. However, given the 
diversity in the genomic restriction pat- 
tern of HTLV-III reported herein, we 
would expect similar differences to be 
present in these other viral isolates. 
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AAAS-Newcomb CfleveEaed Prize 
To Be Awarded for ae Article or a Report PiuMisIhted In Science 



The AAAS-Newcomb Cleveland Prize is awarded annually 
to the author of an outstanding paper published in Science 
The 1984 competition starts with ihe 6 January 1984 issue of 
Science and ends with the issue of 21 December 1984 The 
value of the prize is $5000; the winner also receives a bronze 
medal. 

Reports and Articles that include original research data, 
••cones, or syntheses and arc fundamental contributions to 
■ imc knowledge or technical achievements of far-reaching 
consequence are eligible for consideration for the prize. The 
paper must be a first-time publication of the author's own 
work. Reference to pertinent earlier work by the author may- 
be included to give perspective. 



Throughout the year, readers are invited to nominate papers 
appearing in the Reports or Articles sections. Nominations 
must be typed, and- the following information provided: the 
title of the paper, issue in which it was published, author's 
name, and a brief statement of justification for nomination 
Nominations should be submitted to the AAAS-Newcomb 
Cleveland Prize. AAAS. 1515 Massachusetts Avenue NW 
Washington. D.C. 20005. Final selection will rest with a panel 
of distinguished scientists appointed by the Board of Direc- 
tors. 

The award will be presented al a session of the AAAS 
annual meeting. In cases of multiple authorship, the prize will 
be divided equally between or among the authors 
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